Present study focuses the changes of vegetation cover (mangroves in forest region) in Sundarban during 2005 to 2015 based on the normalized difference vegetation index (NDVI). Seven vulnerable islands also reviewed which are positioned on the edge of south surface of Sundarban. The current survey reveals that approximately 1.07% vegetation area has been reduced during the period [2005][2006][2007][2008][2009][2010] and that of about 1.88% during [2010][2011][2012][2013][2014][2015]. From the inspection of seven islands, it is seen that most of the islands are eroded more than 15% on the south region of the Sundarban because of submerging due to rising sea level. About 2.95% net vegetation area has been decreased during 2005 to 2015. This affect directly or indirectly on the normal biodiversity in Sundarban. It may also be inferred that the rate of depletion may be increased further in future. Therefore the study focuses to draw proper attention on extensive monitoring and managing the situation by arranging improvement of area of mangrove plantation.
INTRODUCTION
Vegetations are the essential asset in the world. It does create a natural barrier to guard along the riverbank and inland areas from normal disasters (hurricanes, tsunamis and cyclones) [1] [2] [3] . Its plays a vital role in ecological system such as soil preservation, increased biodiversity and preclusion of climate change. It is also produced growth of economic through provide such as timber of industry, construction and source of medicine. Sundarban is the solitary biggest tidal halophytic mangrove forests in the world. It is enclosed by Hooghly River on the west, on the east Ichamati-Kalindi-Raimangal, on the south Bay of Bengal, and on the north Dampier Hodge line. Three main River Ganga, Brahmaputra and Meghna assemble the Bay of Bengal along the India and Bangladesh, intertidal zone with wrapping an area approximately 10,000 km 2 [4] . Among these areas India occupies by 40% of the net area and remaining area occupy by Bangladesh. Out of 102 islands in Sundarban region, 48 islands are reserved for forest and remaining island for the human settlement. It was also declared as biosphere reserve in 1989 by United Nations Educational and Scientific Co-operation (UNESCO) and world heritage site in 1987 by International Union for Conservation of Nature (IUCN).
Mangrove forests were declined in many regions of the world. During 1970 to 1990 mangrove forests areas were increased by 1.4% but mangrove forests were decreased by 2.5% during 1990 to 2000 [5] in Sundarban region (India and Bangladesh). During 1975 to 2006, approximately 0.42% [6] mangrove areas are lost. In south Asia total mangrove forests were more deforested than the reforested between the year 2000 to 2012 [7] . Green parts of the vegetation area are more reflected in near infrared (NIR) band, but in red band that are more absorbs. Normalized difference vegetation index (NDVI) are used to evaluate the density of vegetation cover areas in a plant [8] . An extraction of data or information from multispectral image has been done using difference software. To explicit the dissimilarity characteristics of the mangroves species various classification techniques are used. Among these techniques on screen classification technique is superior to the others [9] . In compared with the various classification techniques the band ratio supervised classification is better [10] with respect to the accuracy. In recent last few years temperature is increasing in the environment [11] [12] . Climate change also plays key role in changes of natural biodiversity of the environment. The changes of climate directly or indirectly impact on Sundarban estuary along the river bank or shoreline. Rising sea level, increased downstream salinity, increased the occurrence of cyclones in Bay of Bengal throughout the late monsoon, shoreline changes [16, 18] , changes in biological and social features [13] [14] [15] of the area. In recently study the status and circulation of disparity of mangrove species were discussed Mitra et al. [17] . From these studies it was also seen that the mangrove vegetation areas were declined. The key intention of this paper is to analysis the vegetation area during last ten years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . To study the present status, circulation and changes of vegetation cover areas of the Sundarban has also been emphasized. Besides, study the seven vulnerable islands on the edges of Sundarban. From the observation, it may be concluded that most of the islands were eroded on the south surface of Sundarban due to growing sea level and inundation.
STUDY AREA
The present study area is located in the district of South 24 Paraganas at West Bengal state which shown in figure 1. The areas are enclosed by reserve forest with several flora and fauna. In this region many species are exists such as mangroves, reptiles, mammals and birds. Wildlife species includes Indian python, man-eating Royal Bengal tiger, sharks, spotted deer, crocodiles, macaque monkey and wild boar are found in this region. Three major mangrove species such as Sundri, Goran and Gewa are plays an important role in vegetations indices. Other species also exists like Avicenia, Xylocarpus, Sonneratia, Bruguiera, Rhizophora and Nypa palm, etc. The study areas hold numerous deltaic islands enclosed by mangrove forest with total area of 303823.98 ha. The area surrounded by Bay of Bengal on the south, on the east border line of India and Bangladesh, on the west Thakuran River and on the north Basanti block. It includes various islands' such as Gana, Baghmara, Bhangaduni, Mayadwip, Chandkhali, Harinbangha, and Holiday Island. It is habitually flooded by diurnal tides. were obtained from Survey of India (SOI) which used for geo-referencing purpose.
Image preprocessing
Three landsat ETM+ images were preprocessed to extract and evaluate the important information from remotely sensed data. Image preprocessing operations were performed by TNTmips Professional 2015 software. The root means square error (RMSE) of less than 50m is obtained during georeferencing for better accuracy. ETM+ multispectral sensor contains three bands such as green, red, near infrared (band 2, 3 and 4) are used for extracting the various features and among these bands near infrared band is more sensitive to forest land cover. The images are projected UTM with zone 45N and WGS 84 datum. Image calibration, geometrical distortion and atmospheric correction were done by image processing software.
Normalized difference vegetation index (NDVI)
Various materials are existing on the earth surface. The earth materials are vegetation, soil, water, bare rock, etc. Using spectral reflectance signature any material can be recognized. The spectral reflectance value is different for the various materials because their characteristic also difference. Fresh/ Shallow water reflectance value is low. The reflectance value is high at the end of blue band of the spectrum and decreases as wavelength increases. Hence, fresh water visible dark-bluish. Turbid water contains various sediment suspensions which increase the reflectance in the red end of the spectrum and it does appear as brownish. The reflectance of bare land depends on its composition. Normalized difference vegetation index (NDVI) is the one of the major important vegetation index among all these indices. It finds out the thickness of the green on an area of land. During photosynthesis process the green part of the chlorophyll of vegetation robustly absorbs visible light (from 400 nm to 700 nm). But in other side strongly reflects near infrared band (from 700 nm to 1100 nm). The main purpose of NDVI is that the rate of reflection differs for the band 4 near infrared (NIR) and band 3 (Red) of an image and thus these variations can generate an image which signifies the status of green vegetations and is least influenced by topography. The NDVI value is calculated using the following equation: In general NDVI values range from -1 to +1. Extremely negative value indicates the water body due to its spectral reflectance value is negative low. Positive value indicates the vegetation cover area and its spectral reflectance value is high. Towards the +1 value indicates the dense vegetation area and its spectral reflectance value very high. 
Proposed methodology
After preprocessing of three landsat ETM+ image, a layer stacking tool is
RESULTS AND DISCUSSIONS
According to the values of NDVI the present study area was divided into five classes (shallow/fresh water, turbid water, open mangrove area, moderate mangrove area and dense mangrove area). Figure 5 (94793.08 ha) in 2010, in turn which has also significantly decreased to 29.50% (89628.07 ha). The Mechua Island is also located on the edge of the Sundarban. Major erosion was observed on the South surface of this island which is shown in figure 7(d) figure 7(f) . The Haliday island is the most of the eroded island. Percentage of area lost is 84.21%, which is shown in figure 7(g) . Figure 7 shows the graphical representation of the various islands with their areas. From these observations, it is clear that all the islands land cover areas were declined during 2005 to 2015 due to high pressure of the sea level water and most eroded island is Haliday island. It is also scrutinized that major erosion occurs on the south surface of each island due to increase sea level and submerges. Moreover, it has also examined that in the shoreline along the river bank of the island dense vegetation areas were increased while in the middle of the island dense vegetation areas were declined. 
CONCLUSIONS
In the present study, it is reveals that Sundarban, vegetation area was gradually decreased during 2005 to 2015 due to changes of natural atmosphere, global warning, rising sea level, floods, pollutions, fall in fresh water availability, overharvesting, coastal erosion, decline of sediment deposition, often occurs in cyclones and hurricanes. On the other hand, vegetation areas are increased because of aggradation, plantation and growth of plantation. During 2005 to 2010 vegetation areas were decreased by about 1.07% (-3250.92 ha) and during 2010 to 2015 further declined by about 1.88% (-5711.89 ha). Therefore, overall vegetation areas are continuously declined by about 2.95%. From two observations (2005) (2006) (2007) (2008) (2009) (2010) (2010) (2011) (2012) (2013) (2014) (2015) , it has been seen that in 2010-2015, vegetation cover areas declined rate almost double in compared with the 2005-2010 and gradual trends of declination also observed. Although these changes were not significant in the perspective of error associated because during collection of image natural environmental condition was not same. Among seven vulnerable islands, it has been observes that major erosion process were done on the South surface of each islands due to high pressure of the water level. The study also examined that during 2005 to 2015 highest eroded island is Haliday with an erosion rate 84.21%, followed by Bhangaduni island (36.24%), Bulcherry island (16.69%) and so on. Mangrove deforestation were observed on intertidal zone of the islands reasons of illegal cutting trees, etc while mangrove regeneration occurs on the shoreline or along the riverbank caused by new plantation programme, regrowth and aggradation. In future, it may be suspect that in the year of 2030 vegetation area may be depleted by approximately 6% of net vegetation area in comparison with the data in 2005 because of increasing global warning over the globe. Therefore, monitoring, maintaining and controlling the mangrove areas are urgently needed to survive the natural coastal ecosystem in Sundarban.
